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(54) Glutamyl-tRNA synthetase from Staphylococcus aureus 



(57) The invention provides tRNA synthetase 
polypeptides and DNA (RNA) encoding tRNA syn- 
thetase polypetides and methods for producing such 



polypeptides by recombinant techniques Also provided 
are methods for utilizing tRNA synthetase polypeptide 
for the protection against infection, particularly bacterial 
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Description 

FIELD OF THE INVENTION 

This invention relates to newly identified polynucleotides and polypeptides, and their production and uses, as well 
as their variants agonists and antagonists, and their uses In particular in these and in other regards, the invention 
relates to novel polynucleotides and polypeptides of the tRNA synthetase family, hereinafter referred to as "tRNA 
synthetase". 

BACKGROUND OF THE INVENTION 

It is particularly preferred to employ Staphylococcal genes and gene products as targets for the development of 
antibiotics The Staphylococci make up a medically important genera of microbes They are known to produce two 
types of disease invasive and toxigenic. Invasive infections are characterized generally by abscess formation effecting 
both skin surfaces and deep tissues. S. aureus is the second leading cause of bacteremia in cancer patients. Osteo- 
myelitis septic arthritis, septic thrombophlebitis and acute bacterial endocarditis are also relatively common There 
are at least three clinical conditions resulting from the toxigenic properties of Staphylococci. The manifestation of these 
diseases result from the actions of exotoxins as opposed to tissue invasion and bacteremia. These conditions include. 
Staphylococcal food poisoning, scalded skin syndrome and toxic shock syndrome. 
20 The tRNA synthetases have a primary role in protein synthesis according to the following scheme: 

Enzyme +ATP + AA <=> Enzyme. AA-AMP + PPi 



w 
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25 



Enzyme. AA-AMP + t-RNA <=> Enzyme + AMP + AA-t-RNA 



in which AA is an amino acid 

inhibition of this process leads to a reduction in the levels of charged tRNA and this triggers a cascade of responses 
30 known as the stringent response, the result of which is the induction of a state of dormancy in the organism. As such 
selective inhibitors of bacterial tRNA synthetase have potential as antibacterial agents. One example of such is mupi- 
rocin which is a selective inhibitor of isoleucyl tRNA synthetase. Isolation of tRNA synthetase allows for the identification 
and analysis of potential antibacterial targets to facilitate screening for antibacterial compounds. 

Isoleucyl tRNA synthetase, isolated from Staphylococcus aureus, has already been described (Chalker, A., 
35 ward J , M..Fosberry, A , P. and Hodgson, J , E. 1994 Gene 141:103-108). 

Clearly there is a need for factors that may be used to screen compounds for antibiotic activity and which factors 
may also be used to determine their roles in pathogenesis of infection, dysfunction and disease. There is a need, 
therefore, for identification and characterization of such factors and their antagonists and agonists which can play a 
role in preventing, ameliorating or correcting infections, dysfunctions or diseases. 
40 The polypeptides of the invention have amino acid sequence homology to a known glutamyl tRNA syntetase pro- 



tein. 

SUMMARY OF THE INVENTION 



45 It is an object of the invention to provide polypeptides that have been identified as novel tRNA synthetase polypep- 

tides by homology between the ammo acid sequence set out in Figure 2 and a known amino acid sequence or se- 
quences of other proteins such as glutamyl tRNA syntetase protein. 

It is a further object of the invention to provide polynucleotides that encode tRNA synthetase polypeptides, partic- 
ularly polynucleotides that encode the polypeptide herein designated tRNA synthetase. 

so In a particularly preferred embodiment of this aspect of the invention the polynucleotide comprises a region en- 

coding glutamyl tRNA synthetase (ERS) polypeptides comprising the sequence set out in Figure 1 [SEQ ID NO. 1], or 

a variant thereof ,cqc\ 
In another particularly preferred embodiment of the invention there is a novel glutamyl tRNA synthetase (ERS) 
protein from Staphylococcus aureus comprising the amino acid sequence of Figure 2 [SEQ ID NO:2], or a variant 

55 thereof 

In accordance with this aspect of the invention there is provided an isolated nucleic acd molecule encoding a 
mature polypeptide expressible by the Staphylococcus aureus WCUH 29 
strain contained in NCIMB Deposit No. 40771. 
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In accordance with this aspect of the invention there a r e provided isolated nucleic acid molecules encoding tRNA 
synthetase d secularly Staphylococcus aureus tP N A synthetase including mRNAs cDNAs genomic DNAs Further 
e~bcd"~onts c' 'his aspect of the m yent.on inciuae oioicci rally diagnosf <ca I y prcphyiactically clinically or therapeu- 
*. :a ! y use? u' variants ; n e r ec' and :•: repositions ccmpr-s r g the same 
s m accordance won another aspect of the invention 'fore is provided the use of a polynucleotide of the invention 

tor therapeutic or prophylactic purposes in particular genetic immunization Among the particularly preferred embod- 
iments of this aspect of the irven^on are naturally occu r, mg allelic variants of tRNA synthetase and polypeptides 
encoded thereby 

In accordance with this aspect cf the invention there are provided novel polypeptides of Staphylococcus aureus 
io referred tc here, n as tRNA synthetase as wei: as bic logically diagnostically p rophylactically clinically or therapeutically 
... sef u! var ants thereof and com ocs tions comprising the same 

Amor a the particularly preferred embodiments of this aspect of the invention are variants of tRNA synthetase 
polypeptide encoded by naturally occurring alleles of the tRNA synthetase gene 

In a preferred embodiment of this aspect of the invention there are provided methods for producing the aforemen- 
75 tioned tRNA synthetase polypeptides 

In accordance with yet another ,-ispect of the invention there are provided inhibitors to such polypeptides, useful 
as antibacterial agents including for example, antibodies 

In accordance with certain preferred embodiments ui mis aspect of the invention, there are provided products, 
cimpositions and methods for (i) assessing tRNA synthetase expression, (in treating disease, for example, disease, 
20 such as. infections of the upper respiratory tract (e g , otitis media, bacterial tracheitis, acute epiglottitis, thyroiditis), 
lower respratcry (e g , empyema, lung abscess), cardiac (e g , infective endocarditis), gastrointestinal (e.g.. secretory 
diarrhoea solen.c absces retroperitoneal abscess'^ CNS (e g . cerebral abscess), eye (e.g., blepharitis, conjunctivitis, 
keratitis endophthalmitis presepta: and orbital cellulitis dacryocystitis) kidney and urinary tract (e.g., epididymitis, 
ntrarenai and per nephnc absces. toxic shock syndrome) skin (e g . impetigo, folliculitis cutaneous abscesses, cel- 
25 lulitis wound infection, bacterial myositis) and bone and joint (e g septic arthritis, osteomyelitis), (in) assaying genetic 
variation, uv) and administering a tRNA synthetase polypeptide or polynucleotide to an organism to raise an immuno- 
logical response against a bacteria, especially a Staphylococcus aureus bacteria 

In acccdance with contain pre'-: r red embcdim-ents of this and other aspects of the invention there are provided 
po ynucleo* des that hybndize to tRN A synthetase polynucleotide sequences particularly under stringent conditions. 
30 in coram preferred embod = rnenTs cf this aspect cf the .nvention the r e are provided antibodies against tRNA syn- 

t- etase pc lypeptides 

In accordance with another aspect of the invention, there are provided tRNA synthetase agonists and antagonists 
each of wh-.ch are also preferably bacteriostatic or bacteriocidal 

In a further asoect of the invention there are provided compositions comprising a tRNA synthetase polynucleotide 
■35 or a tRNA synthetase polypeptide for administration to a cell or to a multicellular organism 

Various changes and modifications withm the sprit and scope of the disclosed invention will become readily ap- 
parent to those sailed in the art *rom readme the fcilowino description a~d < f c — rcadmg the othet parts of tne present 
o. so iGt) u f e 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

The fc Mowing drawtrgs depict contain embodiments cf the invention Thev are illustrative only and do not limit the 
invention othe-^vise disclosed he:em 

Figure " snows the polynucleotide sequence cf Staphylococcus aureus g utamyl tRNA synthetase (ERS) [SEQ ID 
^5 \ j 1] The sequence shows two stop codons one at positions 1453 and 1456 

Figure 2 shows the amine acid sequence of Staphylococcus aureus glutamyl tRNA synthetase (ERS) [SEQ ID 
NO 2] deduced f'em the polynucleot de sequence of Figure 1 

GLOSSARY 

50 

The fc! 1 jwmq jcfmit'ons are provided to facilitate understanding of certain terms used frequently herein 
"Host :ell" is 1 ce'l which ha? teen transformed cr transfected or os capable of transformation or transfection by 
a r ' exogenous po ynucleotide secuence 

"Identity " as known in the art is a relationship between two or more polypeptide sequences or two or more poly- 
55 nucleotide sequences as determined by comparmg the sequences In the art "identity" also means the degree of 
sequence relatedness between polypeptide or polynucleotide sequences as the case may be, as determined by the 
match between stnngs of such sequences "Identity" and "similarity" can be readily calculated by known methods 
(Computational Molecular Biology. Lesk AM ed Oxford University Press New York 1 9SS Biocomputing Informatics 
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10 



15 



20 



25 



30 



35 



andG enor,e Projects, Smith D W ed -ademic Press^ew York^^^ 

quences both terms are well Known to skilled artisans ^^00 A Molecular <W ^ ^ 

adem-c Press, 1987 Sequence ^ s Tl* 48 1073 M 983) M^ode commonly employed to de- 

1991: and Canllo. H and Lipnan, D. . S.AM J App£ Ma* <A £ 7 (1 988) ^ h _ ^ ^ 

termineidentttyors^ , dent|ty are designed to give the largest 

D . SIAM J. Applied Math., 4S1073 (1 986) Pre, e rrea m ^ similarity are codified in publicly available 

match between the sequences tested, ^ods «o detenr, ne «™2^T™2*™^*°™ m ^^ umceB 
computer programs. Preferred computer prog^ 

,nclude. but are not limited to. GCG program package f°™™*_^ ^ " * gQ)) The BLAST X program is 

BLASTP BLASTN, and FASTA (Atschul. S.F. et aL f^^**™ ^ ^ N( !bi NLM N.H Bethesda, MD 
publicly ava.lable from NCBI and other sources (BLAST Manual, Altschui 

of its natural state is "isolated", as the term is employed hereirv bonuc|eotjde wnich ma y be unmodified 

•Polynucleotide^)" generally refers to any polynbc ,n c leo . d a b ° o n n UC sin g, e . and doub | e - S tranded DNA, 

RNA or DNA or modified RNA or DNA. "Polynucleotides)" include , withouUm i™™^ regions , slngle . 

DNA that is a mixture of single- and double-stranded reg on or ^^^ a ^ hybrid molecules compris- 
and double-stranded RNA, and RNA that ,s mixture ^^^^^^ ^ triple stranded, or a mixture of 
ing DNA and RNA that may be single-stranded or, more ^ refers to , riple -stranded regions com- 

single- and double-stranded regions. In addition polynucleotide as use herein 'refers P ^ ^ 

pris,ng RNA or DNA or both RNA and DNA. The strands ,n ch .regions ^may be fro & 
Afferent molecules. The regions may include a,, of one * an oligonucleotide. As used 

re g,on of some of the molecules. One of th< , mo.ecu^ ^ ^ ^ °o V e that containone or more mod„,ed 
herein, the term "polynucleotide^" includes DMAs or RNAs as descr .polynucleotides)" as that 

bases. Thus, DNAs or RNAs with backbones modified »or stebH,ty ^ ^ % ™~ , nosine P Q J modified bases, such 
term is intended herein Moreover. DNAs or S used herein. It will be appreciated 

as tntylated bases. .0 name just two examples, are po 'y n " c ' e ^ eS ^;7 hat serve many usefu , purposes known to 

often referred to as oiigonucleotide(s) ™ mnrl ^ncitwo or more amino acids joined to each other by peptide 

■•Polypeptide^)" refers to any peptide or pro ^ r S j; 9 j7 s °^° comm only referred ,0 as peptides, oli- 
bonds or modified peptide bonds. "Polypeptides) re fers to « hort ^ a s des may contain amin o acids 

gopeptidesandoligomersandtolongerch^ ^ either by na(ura , processes , 

other than the 20 gene encoded ammo acids. P°VPep «le(s ) nc u modlflcatlon techniques which are 

such as processing and other post-trans'ationa, '^^^^Z^re detailed monographs, as well 
well known to the art. Such modifications are well described ,n basic texts an ap p recia ted that 

as , n a vo,um,nous research literature, and they are w^°^ ^ sites , n a g ,ven polypeptide, 

the same type of modification may be present "^'^^^ can occur anywhere in a polypeptide, 
Also, a given polypeptide may contain many type [°^™ X ™*^™£> or carboxy l termini. Modifications include 
including the peptide backbone, the ammo acid side^ha.ns and y , ent attachment o( a he me moi- 

acetylation acyla.ion, ADP-r,bosylat,on. am,dat,on, covalent at a chmen tot a * _ . jd denvative , 

ety. covalent attachment o, a nucleotide or nucleot forma- 

. covalent attachment of phosphotidylinositol cross-l.nk.ng eye f ' 1 ^ ' 0 " u ™ f for lation , gamma^arboxylation, gly- 
t, 0 n of covalent cross-links, formation of cysteine, formation of W^^*™^ ox * at , on proteolytic process- 
cosylation. GP, anchor formation, hydration, ,odnat,on. meth ^3^^ ga mma.arboxy'ation of 
,ng phosphorylation, prenyiat.on, racemization, glycosylate, ^ mediated addition 

g,utamic acd residues, hydroxylation and ADP-nbosylation, ">^™*^- X ™ TEINS . STRUC WREAND 

; of ammo acids to proteins such as arginylation, anc «b.q^nat»n- See. '°^ s ^ n ™ w York (1993) and Wold, F . 

MOLECULAR PROPERTIES, 2nd Ed., T. E. ^^^^^^^^SLATIONAL COVALENT 
Posttransla.ional Protein Modifications: Perspectives and Pro^ Enzymo , 

MODIFICATION OF PROTEINS, B. C. Johnson, Ed.. Academic Press. New yotk i y , 
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1 82 6 26 -646 (1990; and Rattan et a [ Pre to in Synthesis Posttranslational Modifications and Aging. Ann NY Acad 
Sc: 663 46-62 ^ 992) Polypeptides may be trar:hed or cy:!ic with cr without branching Cycltc branched and 
b';a~cred c TL^r pc ypept.ces may res- IT from p jst-translationai natural processes and may be made by entirely 
sytnetic metneds as weM 

5 "V.-r am;s, ' as *ne T e r m :s used nere.n s a po yrucleotide or polypeptide that differs from a reference polynucleotide 

cr polypeptide respect vely but retains essential p r cperties A typical variant of a polynucleotide differs in nucleotide 
sequence from ancther reference polynucleotide Cnanges in the nucleotide sequence of the vanant may or may not 
alter W e ammo acid sequence of a polypeptide encoded by the reference polynucleotide Nucleotide changes may 
result - ammo acid substitutions, additions, deletions, fusions and truncations in the polypeptide encoded by the ref- 

io erence sequence as aiscussed below A typical variant of a po-ypeptide differs in amino acid sequence from another, 
reference polypept de Generally, differences are limited so tnat the sequences of the reference polypeptide and the 
var ant are closely similar overall and in many regions identica. A variant and reference polypeptide may differ in 
am no acid sequence by one or more substitutions additions, celetions in any combination. A substituted or inserted 
ammo acid residue may or may not be one encoded by the genetic code A variant of a polynucleotide or polypeptide 

• 5 may be a naturally occurr ng such as an al'eiic variant or it may be a variant tnat is not known to occur naturally. Non- 
natural y occurring variants of polynucleotides and polypeptides may be made by mutagenesis techniques, by direct 
synthesis and by cthe f recombinant methods known to skilled artisans 

DESCRIPTION OF THE INVENTION 

20 

The invention relates to novel tRNA synthetase polypeptides and polynucleotides as described in greater detail 
below In particular the invention relates to polypeptides and polynucleotides of a novel tRNA synthetase gene of 
Staphylococcus aureus, which is related by ammo acid sequence homology to glutamyl tRNA syntetase polypeptide. 
The invention reiates especially to tRNA synthetase having the nucleotide and amino acid sequences set out in Figure 

25 1 ^nd -igure 2 respectively and to the tRNA synthetase nucleotide sequences of the DNA in NCIMB Deposit No. 
4077* and ammo ac : d sequences encoded thereby 

Techniques are available to evaluate temporal gene expression in bacteria, particularly as it applies to viability 
under laboratory and host infection cond-tions A number of methods can be used to identify genes which are essential 
to survival per so, or essential to the establishment and/or maintenance of an infection Identification of expression of 

50 a sequence by cne of these methods y elds additional information about its function and assists in the selection of 
sucn sequence tor further development as a screening target Briefly, these approaches include, for example: 

1 ) Signature Tagged Mutagenesis (STM) 

35 This teenn-que is described by Hensel et a!., Science 269: 400-403(1995). the contents of which is incorporated 

by reference for background purposes Signature tagged mutagenesis identifies genes necessary for the establish- 

ment'mamtenanc e of infection in a given infection miodei 

Tne oasis ct the technique is the random mutagenesis of target organism by various means (e g . transposons) 

such tha* unique DNA sequence tags are inserted n close proximity to the site of mutation The tags from a mixed 
~o pooula* en of bacterial mutants and bacteria recovered from an infected hosts arc detected by amplification, radiola- 

bei ng and hybridization analysis Mutants attenuated in virulence are revealed by absence of the tag from the pool of 

bacteria r ecove r ed trom infected hosts 

In Staphylococcus aureus, because the Uansooson system is less well developed a more efficient way of creating 

the tagged mutants is to use the insertion-duplication mutagenesis technicue as described by Morrison et al r J Bac- 
~5 tend i = 9 870 (1984t the contents of which is incorporated by reference for background purposes 

2) In Vivo Expression Technology (IVET) 

Th s technique is described by Camilli et al , Prc-c Nat'l Acad Sci USA 91 2634-2638 ( 1 994) and Mahan et al , 
50 Infectious Agents and Diseases 2 25 3 -258 ( 1 994) the contents of each of which is incorporated by reference for back- 
ground purposes IVET :centif es genes up-regulated during infection when compared to laboratory cultivation, implying 
an impor'ant rc'o in mfer*ion Sequences identifiec cy this technique are implied to have a significant role in infection 
estaolisnment maintenance 

In th-s technique random chromosomal fragments of target organism are cloned upstream of a promoter-less 
55 reporter gene in a piasmid vector The pool is introduced into a host and at various times after infection bacteria may 
be recovered and assessed for the presence cf reporter gene expression The chromosomal fragment carried upstream 
of an expressed reporter gene should carry a promoter or portion of a gene normally upregulated during infection 
Sequencing upstream cf the reporter gene allows identification of the up regulated gene 
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3) Differential display 

This technique is descnbed by Chuang etai, J. Bacterioi. 175 2026-2036 (1993), the contents of wh,ch is incor- 
oortrtW^^t^nL purposes. Th,s method identif.es those genes which are expressed ,n an organism 
s tolS**^*™^ —9 -domly-primed RT-PCR. By comparing prelection and P~^'^P^ 
genes up and down regulated during infection can be identified and the RT-PCR product sequenced and matched to 
library sequences. 

4) Generation of conditional lethal mutants by transposon mutagenesis. 

Th,s technique described by de Lorenzo, V. el al., Gene 1 23: 1 7-24 (1 993): Neuwald, A. F. el al., Gene 1 25: 69-73 
(1 993V and Tak'f H E el al, J Bacterioi. 174:1544-1553(1992), the contents of which is incorporated by reference 
for background purposes, identifies genes whose expression are essential for cell viability 

I n this technique transposons carrying controllable promoters, which provide transcr.pt.on outward from the trans- 

is ooson n one or both directions are generated. Random insertion of these transposons into target organisms and 
subLquen t so T a l? 0 ?nsertion mutants in the presence of inducer of promoter activity ensuresthat insertions which 
serrate ImoteMrom coding region of a gene whose expression is essentia, for cell viab.hty will be recovered. 
S Senu^ ptating in the absence of inducer identifies such insertions, since they fail to survive. Sequencing 
of the Sng regions of the transposon allows identification of site of insertion and identification of the gene disrupted 

20 C ose monitoring of the changes in cellular processes/morphology during growth in the absence of inducer yields 
fn ormaTon o ifkely function of the gene. Such monitoring could include flow cytometry (cell division, lysis, redox 
poteS DNA replication), incorporation of radiochemical* labeled precursors into DNA, RNA, protein, lipid, pepti- 
doglycan, monitoring reporter enzyme gene fusions which respond to known cellular stresses. 

25 5) Generation of conditional lethal mutants by chemical mutagenesis. 

This technique is described by Beckwith, J , Methods in Enzymology 204: 3-18(1991), the contents °f which are 
incorporated I herein by reference for background purposes. In this technique random chemical mutagenesis of target 
oraanism g'owTat temperature other than phys.ologica, temperature (permissive temperature) and subsequent rep- 
° a piaTng and growth at different temperature (e.g., 42°C to identify ts, 25°C to identify cs) are used to identify those 
solates whfch now fail to grow (conditional mutants). As above close monitoring of the changes upon growth at the 
notoermis ,ve temperature yields information on the function of the mutated gene. Complementation of conditional 
Z^ZuiZ f oy library from target organism and sequencing of complementing gene allows matching with library 

SeqU E e a n chof these techniques may have advantages or disadvantage depending on the particular application. The 
skilled artist would choose the approach that is the most relevant with the particular end use ,n mind. For example 
ome genes might be recognised as essential for infection but in reality are only necessary for the initiation of ,nfect.on 
and s their products woufd represent relatively unattractive targets for antibac.erials developed to cure established 
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and chronic infections 



6) RT-PCR 



Bacterial messenger RNA preferably that of Staphylococcus aureus, is isolated from bacterial infected tissue e. 
q 4 f hou m"" ung ln(ectl0 ns, and the amount o, each mRNA species assessed by reverse transcrip ion of he 
RNA samp epnmed with random hexanucleotides followed by PCR with gene specific primer pairsjhe determination 
of the presence and amount o, a particular mRNA species by quantification of the resultant PCR product provides 

,1^1 bacteria, geneswhich are transcribed in the infected tissue. Analysis of 
carried out a. different times of infection to gain a detailed knowledge of gene regulation ,n bacterial pa Oogenesis 
alwmg for a clearer understanding of which gene products represent targets ^^^^^^ 
Because of the gene specific nature of the PCR primers employed it should be understood that the bacterial mRNA 
oreoa ration need not be free of mammalian RNA. This allows the investigator to carry out a simple and quick RNA 
p e a a o from infected tissue to obtain bacterial mRNA species which are very short lived in ^^ JaoZ 
order of 2 minute halflives) Optimally the bacterial mRNA is prepared from infected murine lung tissue by mechanical 
HX7n"he presence* TR.zole (GIBCO-BRL) for very short periods o, time. '"^^ 
to the manufacturers of TRIzole reagent and DNAase treatment to remove contamma ,ng I ^ A J>^ 
is optimized by finding those conditions which give a maximum amount of bacterial 16S nbosomal RNA, pre erab y 
l^TstTphylococcus aureus, as detected by probing Northerns with a suitably labeled Wu*™^*W™». 
deotl^Z Typically, a 5' dye labeHed primer is used in each PCR primer pair in a PCR reaction which ,s terminated 
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optimally cetweon 5 and 25 :y:les Tne PGR products are separated on 6°o pciyacrylanriide gels with detection and 
z^ant.ficat.cn, using 3ene3canner ( manufactured oy ABm 

Use o' ire c - trese :ecnr cicg.es wren acpneo tc the sequences cf the invention enables identification of bacterial 
crcters expressed o^r:nc m'ect.cn inn,C;tcrs of wricn wouid nave utility in anti-cacter-a! therapy 

Deposited materials 

A deposit containing a Staphylococcus aureus WCUH 29 strain has been deposited with the National Collections 
of Industrial anc Marine Bacter a Lid (NCIMB) 23 St Machar Drive Aberdeen A32 1 RY. Scotland on 1 1 September 
to 1 995 and assigned NCIMB Ceposit No 40771 The Staphylococcus aureus strain deposit ;s referred to herein as "the 
decos'ted strain" or as "t.ne C NA of the deposited strain " 

The deposited material s a strain that centals the full length tRNA synthetase DNA referred to as "NCIMB 40771 fl 
upon deposit 

The sequence o' the polynucleotides contained in the deposited material as well as the amtno acid sequence of 
?5 the polypeptide encoded 'hereby, are controlling in the event of any conflict with any description of sequences herein 
The deposit has been made under the terms of the Budapest Treaty on the International Recognition of the Deposit 
of Micro-cganisms for Purposes of Patent Procedure. The strain will be irrevocably and without restriction or condition 
released to the public upon thp ■ssuancc cf j. patent. The deposit is provided merely as convenience to those of skill 
in the art and is not an admission that a deposit is required tor enablement, such as that required under 35 U.S.C. § 11 2. 
20 A license may be required to make use or sell the deposited materials, and no sucn license is hereby granted 

Polypeptides 

The polypept des of the invention include the polypept de of Figure 2 [SEQ ID NO 2] (in particular the mature 

25 polypeptide) as well as polypeptides anc fragments, particularly those which have the biological activity of tRNA syn- 
thetase anc also these which have at least 70% identity to the polypeptide of Figure 2 [SEQ ID NO:2] or the relevant 
portion, preferably ar least 80% identity to the polypeptide cf Figure 2 [SEQ ID NO 2], and more preferably at least 
90% similarity (more preferaoly at least 90% identity) to tne polypeptide of Figure 2 [SEQ ID NO:2] and still more 
preferably at least 9^% similarity (still more preferably at least 95% identity) tc the polypeptide of Figure 2 [SEQ ID 

oo no 2] and a so induce portions of such polypeptides with such portion of the polypeptide generally containing at least 
30 amino acids anc more preferably at least 50 amino acids 

Variants that are fragments of the polypeptides of the invention may be employed for producing the corresponding 
full-length polypeptide by peptide synthesis therefore, these variants may be employed as intermediates for producing 
the full-length polypeptides Variants that are fragments of the polynucleotides of the invention may be used to syn- 

35 thesi/e ful'-length po'ynuc leotides of the invention 

A fragment is a variant polypeptide having an amino acid secuence that entirely is the same as part but not all of 
tne ammo acid sequence of the aforementioned cclvDeotides As w>* h : Q NA synthetase pdypeptiaes fragments may 
tc "fiee-sianaing. ' or comprised wi'hin a larger polypeptide of which they form a cart or region, most preferably as a 
single con'muous reg on 3 srgle larger polypeptide 

•io Preferred fragments include for example truncation pclypectides having a potion cf the amino acid sequence of 

Fgure 2 [SEQ I D NO 2] cr of variants thereof, except for deletion cf a continuous series of residues that includes the 
ammo terminus c a con: nuojs senes of residues that includes the carboxyl terminus or deletion of two continuous 
series ot residues one including the amino terminus and one including the cart>o><yl terminus Degradation forms of 
the polypeptides cf the invention :n a host cell particularly a Staphylococcus aureus, are also preferred Also preferred 

s5 are fragments characterized oy structural or functional attributes such as fragments that comprise alpha-helix and 
alpna-helix forming regions beta-sheet and oeta-sheet-forming regions turn and turn-forming regions, coil and con- 
forming regions hydrcphihc regions hydrophobic regions alpha amphipathic regions, beta amphipathic regions, flex- 
ible regions surf hco- %rmmg reg-ons. suostrate omding region, and high antigenic index regions 

Also preferred are biclog:cal!y active fragments which are those fragments that mediate activities of tRNA syn- 

50 thetase including these with a s Hilar activity or an improved activity or with a decreased undesirable activity Also 
included are those fragments that are antigenic :r immunogenic m an animal, especially in a human 

Polynucleotides 

5^ Another aspect of the invention relates to isolated polynucleotides which encode novel glutamyl tRNA synthetase 

polypeptide having the deduced amino acid sequence of Figure 2 [SEQ ID NO 2] and polynucleotides closely related 
thereto and variants thertc 

Using the information provided herein such as the polynucleotide sequence set out in Figure 1 [SEQ ID NO 1], a 
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P o,ynuc,eo„de of the Mention encoding tRNA synthetase 
screening, suchasthoseforcloningan^ 

29 cells as starting material, followed by obtaining a full lengt *^ * *^. y ,0 „ bra » ^nes of chrom0 somal 
of the invention, such as mat sequence g«,en,n ^^^Z^:^ Lh a r ad,olabe,ed oligonu- 
DNA of Staphylococcus aureus WCUH 29 in E^co/; or some 01 DNA identical to that of the 

cleotide. preferably a 17-mer or longer, derived from a ^^^ c ^; imi ^ clo nes thus identified with 
probe can then be distinguished us,ng stringent conditions ^^Zo e, end the sequence in both directions 
sequencing primers designed from the original sequence ^^^£^ usinQ denat ured double stranded 
,o determine the full gene sequence. ConvenienUy such s^*™^*^^ T F 9 rltsch , E . F . and Sambrook et 
DNA prepared from a plasmid clone. Suitable techniques % e *l™^V™™ boI Uaborat0 ry Press, Cold Spring 
a... MOLECULAR CLONING, A LABORATORY ' MANUAL . 2nd ^^^^^ iea Double-Stranded DNA 
Harbor. New York (1989). (see Screening By Wr*™^™^^™*® ^ jn 

Templates 1 3.70) Illustrative of the invention, the polynucleotide set out in Figure ^ 

a DNA library derived from Staphylococcus aureus .^^.^L , n NQ1 , , t conta:ns an open reading frame encoding 
The DNA sequence thus obtained is set out ,n Figure 1 (S EQ ' D ^^^J * E £ |D NO;2 f wlth a deduced 

a protein o, having about the number o. ammo *"™^l^ u £ r ^ vies well known ,n the art. Novel 
molecular weight that can be calculated using ammo ac d residue ^cu ar we.g synthe tase family, as 

glutamyl tRNA synthetase of the invention is structural. * retated ^ h ^^ jted sUaln . y Tne protein exhibits 

NO Also provided by the invention ,s the coding sequence for the ^^^^^^^ 
as we,, as'the coding sequence for the mature P°'YP e P«'^ The polynucleotide 

such as those encoding a leader or secretory sequence, pre^or pr o W non . c ^ ding 5 - and 3' sequences, 
m ay also contain non-cod.ng sequences mCudmg ^^^^^^ binding sites, sequences that sta- 
such as the transcribed. ™-transl*^ whjch enc 9 ode addltl0 na. amino acids, 

bilize mRNA, introns, polyadenylat.on signals, and add ,t onal coding seq , n certa , n em . 

For example, a marker sequence that facilitates P^^fJ" e '^^^S^ pefAide . as provided in the P QE 
bodiments of this aspect of the invention, the marker sequence ,s a hexa ^. d, p p . P ^ ^ ^ ^ 

~ ^Z^!^s naturally -^^^-^-^.r-n encompasses 
in accordance with the foregoing, the term ^^t^le invention particularly bacterial, and more 
polynucleotides which include a sequence encoding a polypept de oMhe mventi ^ p y ^ g |q 

JarLlar* the Staphylococcus aureus tRNA syr he a^e havmg th Qf dlscontinuoU s regions en- 

Sg^y^^ 

the ammo aod sequence of tRNA synthetase WP&^w™* l SE ° 10 gny ^ m binat,on. Especially preferred 
^X^Z^^ ^ ^ n^d^t alter „ an. activities of ,RNA 

Synt ^r preferred embodiments o, the invention are polynucleot^ 

,eng.h to a polynucleotide encoding tRNA synthetase poly, e Alternatively, most highly pre- 

[SEQ ID NO:2] and polynucleotides which are com erne n.ary to ^ their entire length to a polynucleotide 

lerred are polynucleotides that comprise a region that ,s at ^^^^^^ stra , n and polynucleotides 
encoding tRNA synthetase polypeptide of the Staphylococcus ^ s ^ ^°^ eir ent|re , ength t0 , he same are 
complementary thereto. In this regard, polynucleotides at leas 90 ^Zt ZleZm a, least 95% are especially 
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sucstanra. y the sarr-,e 1 1 oicg.cal fu.nci.cn or activity as the mature polypeptide enc oded by the DNA of Figure 1 [SEQ 

iD NC 1 ; 

^ne invent: on f.rno: ro-ates to oc^uciecvces that hyb r dize to the herein aocve-desenbed sequences In this 
r oga r d tne .nvoot or espc:ia : ;v reiates to polynucleotides which hybridize under stringent conditicns to the herein 
a cove -describe z polynucleotides As heroin used th e terras "stringent conditions" and "stringent hybridization condi- 
I ens" mean: hybridization will occur oniy if there is at least 95°o and p-eferably at least 97°o identity between the 
sequences An example of stringent hybridization conditions is overnight incubation at 42°C in a solution comprising: 
eO rj o formamide 5xSSC (iSCmM NaCI 15mM triscdium citrate) 5C mM sodium phosphate (pH7 6). 5x Denhardt's 
solution ^0 °o dextran sulfate and 20 micrograms/ml denatured sheared salmon sperm DNA, followed by washing 
•he fitters r 0 ix SSC at aoc-Lt 65°C Hybridization and wash conditions are well known and exemplified in Sambrook : 
3\ . Mole: jlar l.icmng A Laboratory Manual Second Edition. Cold Spring Harbor N Y. (1969). particularly Chapter 
1 * trie re in. the cisclcsure of which is hereby incorporated in its entirety by reference 

Tne invention, as: provides a polynucieot.de consisting essentially of a polynucleotide sequence obtainable by 
screening an appropriate horary containing the complete gene for a polynucleotide sequence set forth in SEQ ID NO: 
' under stringent hybridization conditions with a probe having the sequence of sa:d polynucleotide sequence set forth 
n SEQ ID NO 1 or a fragment thereof, and isolating said DNA sequence Fragments useful for obtaining such a poly- 
nuc eotide delude, for example probes and primers described elsewhere herein. 

As discussed ^ncitionsMy herein regaiui;iy polynucleotide assays of the invention, for instance, polynucleotides 
of the -nvent on as discussed above may be used as a hybridization probe for RNA. cDNA and genomic DNA to isolate 
tull-iength cDNAs and genomic clones encoding tRNA synthetase and to isolate cDNA and genomic clones of other 
genes that nave a high sequence similarity to the tRNA synthetase gene Such probes generally will comprise at least 
15 bases Preferably such probes will have at least 30 bases and may have at least 50 bases Particularly preferred 
probes will nave at least 30 bases and will have 50 bases or less 

For example the coding region, of the tRNA synthetase gene may be isolated by screening using the known DNA 
sequence to synthesze an oligonucleotide probe A labeled oligonucleotide having a sequence complementary to that 
o 1 a gene of the invention is then used to screen a library of cDNA. genomic DNA or mRNA to determine which members 
c* the ibrary the pro-be hybrid zes to. 

The oo ynuclect des and polypec t des of the rverticr may be employed as researcn reagents and materials for 
d soovery c* treatment 3 c f ano diagnostics for disease particularly human disease as further discussed herein relating 
to pc lyn ucleotide assays inter alia. 

The oo ynuclec r -des of the rvo r : on that are oligonucleotides, inc udm; SEC :D NOS 3 and 4. derived from the 
sequences of SEG ID NOS 1 and 2 may be used in the processes here n as described, but preferably for PCR, to 
determine whether or net the polynucleotides identified herein m whole or in part are transcribed in infected tissue. It 
is recognized that such sequences will also have utility in diagnosis of the stage of infection and type of infection the 
pathogen has attained 

The polynucleotides may enccde a polypeptide which is the mature protein plus additional ammo or carboxyl- 
ternninai amine acids or ammo acds mtenor to t H e m^t-i-o polypeptide .when the mdiuie form nas more than one 
poiybeptide chaim 'or instance) Such sequences may play a role in D r ocessing of a orotein from precursor to a mature 
form may allow prctem transport may engthen or shorten protein half-life or may 'acilitate manipulation of a protein 
f :r assay or procuci on. among other th-nqs As generally is the case in vivo, the additional amino acids may be proc- 
essed away from the mature protein by celiular enzymes 

A precursor p r otem. having the mature form of the polypeptide fused tc one or more prosequences may be an 
inact.ve form of the polypeptce When orosequences are removed such ;na:tive precursors generally are activated 
Some or all of the p-csequences may oe removed before activation Generally, such D r ocursors are called proproteins 

In su°-: a polynucleot.de of the invention may encode a mature protein, a mature protein plus a leader sequence 
t which may be referred to as a prepro'em) a precursor of a mature prote n navinc one or more prosequences which 
are not the leader sequences of a preprciem. or a preproprotem which is a precursor to a proprotein having a leader 
sequence and one or more prosequences which generally are removed during processing steps that produce active 
a^d mature forms of the polypeptide 

Vectors, host cells, expression 

The invention also relates to vectors which comprise a polynucleotide or polynucleotides of the invention, host 
cells wnich are genetically engineered with vectors of the invention and the production of polypeptides of the invention 
by recombinant techniques Cell-f r ee translation systems can also be employed to produce such proteins using RNAs 
derived from the DNA constructs of the invent, on 

For recombinant production host ceHs can be genetically engineered to incorporate expression systems or portions 
thereof or polynucleotides of the invention Introduction of a polynucleotide into the host cell can be effected by methods 
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i oc Rawie; pt ,i e^S/C METHODS IN MOLECULAR BIOLOGY, 
.escribed in many standard SS^SS/vV 2nd Ed., Co,d Spring Harbor Lab^ 

(,986) and Sam^^ as m phospha(e trans(ecllorv DE AE-dex,ran mediated 

>^- mediated trans,ec,loa elec,roporation - ,ransduct,on ' scrape 

loading, ballistic introduction and infection streptococci staphylococci, E. co/;, 

Representative examples o. appropriate hosts include bacterial ^ ceHs such a ; strep tococ ^ P y ^ 

stroptomyces and Baallus su^s cells; funga, cells, such , as .ye-st C ^£™'^£^ HK . 293 and Bowes 
Drcsophila S2 and Spodoptem Sf9 cells; animal cells such as CHO. COS, HeLa, oi 

melanoma cells: and plant cells. oolvDeotide of the invention. Such vectors include, 

A great variety of expression systems can be used to produce a P^P^ ° smjds , rom 

among others chromosomal, episomal and ^^ m ^^ e ^ ^ ^ chromosomal elements, 
bacteriophage, from transposons, from yeast episomes, ^^J^^ a adenoviruses, fowl pox viruses, 
trom viruses such as baculoviruses. papcva viruses, such as SV40. ™ f her eof such as those derived from 
pseudorabies viruses and retroviruses, and vectors "r^™™^^™^^ sys «em constructs 
p,asm,d and bacteriophage genetic elements, such as cosm,ds an Pjage^ he p y ^ 

may contain control regions that regulate as we,, ^^^^^.^^ X be used for expression 
maintain, propagate or express po,ynucleot,des and/or to . exprcssa VW^™^ y of a vafiety of well . 

LABORATORY MANUAL, (supra). ^rinniasmic reticulum into the periplasmic space or 

,^:rru=^ 

Tnese sfgnals may be endogenous to the polypeptide or ^.^^^ by we „-known methods 

Polypeptides of the invention can be recov^ed and P u r « ^To^Ln^L g e chromatography, phos- 
mcluding ammonium sulfate or ethano, precipitation, acid ext,ac, '^ n ^'°" ° chroma toqraphy. hydroxylase chro- 
phocellutose chromatography, hydrophobic interaction ^^^^^^"^^^ is employed for 
myography and lectin chromatography. Most preferably. ^^^^^^^JJ^^^ent^ 
purification Well known techniques for refolding protein may be employed to regenerate aci 
polypeptide is denatured during isolation and or purification. 
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Diagnostic Assays 



™.invent.on..al»^^ 

.agents. Detection o, tRNA -V"^^^ mammals, and 

a diagnostic method for diagnosis of a disease. £uka '^l ^^. Uelase qene may be detected at the DNA level 
especially humans infected with an organism comprising the tRNA synthetase gene may 

by a variety of techniques individual's cells and tissues, such as bone, blood, 

Nucleic acids for diagnosis may be obtained from an infected ^"Tono may be amplified enzymat.cally by 
musc ,e. cartilage, and sKin Genomic DNA ™y ^used ,r ^^^^^esaJ^. Using 
us.ng PCR or other amplification technique prior to anal ^™*° r ™"<*e particularly a mammal, and especially 
amplification , characterization of the strain of prokaryote f^T^^^^s and insertions can be detected 
a human, may be made by an analysis of the genotype of the P^^ 0 ^ e o D f^ erence sequence Poin t mutat.ons 
by a change ,n s,ze of the -P'*^^^ ^otid'e sequences. Perfectly 

can be identified by hybridizing amplified DNA to lab eled ™ y K dj stion or by differences in melting 

matched sequences can be distinguished from mismatched d pie es b RNase digest J of ^ 

temperatures. DNA sequence differences may also be 

DNAfragments in gels, with or without DNAseq en s , ^ y^ ^ 

230. 1 242 (1 985). Sequence changes at specific locations also may be reve y ^ ^ 

as RNase and S1 protection or a chemical cleavage method. See, e.g., Cotton ai., r 

""a* LIS ™, 8 „on S c, P o, y ™,p n , OTe ,„ ,,e „„. ««— « Tr—Z^l 

a va,«y o, . "^^^^Z^^Zi « s sLs. sue, ,o. e^p.e. 

U is particularly preferred to used RT-PCR in conjunction wun example. PCR primers 

GeneScan. RNA or cDNA may also be used for the same P^*'™™™™^^ Stations These 
complementary to the nucleic acid encoding .RNA synthetase ^^^^^ frin an individual. The 
primers may be used for amplifying ^^^^^^^^ the 3' end. The primers 
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techniques for e'ucicaticn of me DNA sequence In this way mutations <n the DNA sequence may be detected and 
usee 13 diagnose infection and to serotype or class if y the infectious agent 

^: e .nvention prcv dos a process for c aqnosmg disease preferably bacterial mfectons nore preferably infections 
bv Sy^phylz-coccus aureus, and — ost preferably disease sucn as infections of the upper respiratory tract (e g otitis 
media nacteiai tracme t:s 3C-to epiglottitis thyroiditis, lowe r resp'ratory ieg . empyema iung abscess), cardiac (e 
g infective endocarditis) gastrointestinal (e g secretory diarrhoea splenic absces retroperitoneal abscess), CNS 
;e g oenacral aoscess;, eye (e g . elephant's, conjunctivitis keratitis, endophthalmitis preseptal and orbital cellulitis, 
darcryocyst tis' kidney and unnary tract (e g . epididymitis intrarenal and perinephric absces toxic shock syndrome), 
skin (e g impetigo folliculitis cutaneous abscesses, cellulitis wound infection bacterial myositis), and bone and joint 
o g septic artnntis osteomyelitis) comprising determining frcm a sample derived from an individual a increased level 
of express-on c* poly-uc eot:ce having the sequence of Figure 1 (SEQ ID NO 1] Increased or decreased expression 
of tRNA synthetase polynuce ctide can be measured using any on of the methods well known in the art for the quantation 
of pciynucleotices. such as for example, amplification, PCR RT-PCR, RNase protection. Northern blotting and other 
■-■ybr. ovation methods 

In addition a diagnostic assay in accordance with the invention for detecting over-expression of tRNA synthetase 
protein compared to normal control tissue samples may be used to detect the presence of an infection, for example. 
Assay techniques that can be used to determine levels of a tRNA synthetase protein, in a sample derived from a host 
are well-known to those of ski i- in The art Such assay methods include radioimmunoassays, competitive-binding assays, 
Western Blot analysis and ELiSA assays 

Antibodies 

The polypeptides of the invention or variants thereof, or cells expressing them can be used as an immunogen to 
produce antibodies immune-specific for such polypeptides "Antibodies" as used herein includes monoclonal and pol- 
yc lonai ant podges, chimeric s:ngle chain, simian ized antibodies ana humanized antibodies, as well as Fab fragments, 
.nciud.na the products of an Fab immunolglobulm expression library 

Antibodies generated aqamst the polypeptides of the invention can be obtained by administering the polypeptides 
or eoi r dc e-pearing fragments analogues or cells to an animal preferably a nonhuman. using routine protocols. For 
prepa- rit.o^ ot moncoonal anooodies any technique known in the art which provides antibodies produced by contin- 
jous cell line cultures can be used Examples include various techniques such as those ir Kohler, G and Milstein, 
'I Nature 256 495-497 v 1 975 ). Ko/bor et al Immunology Today 4: 7 2 (1 953) Cole et al pg 77-96 in MONOCLONAL 
ANTIBODIES AND CANCER THERAPY, Alan R Liss Inc (1955) 

Techniques for the production of single chain antibodies (U S Patent No 4.946.775) can be adapted to produce 
s ngle chain antibodies to polypeptides of this invent on Also transgenic mice, or other organisms such as other mam- 
mals may be used to. express humanized antibodies 

A ternative'y phage display technology could be utilized to select ant body genes with binding activities towards 
the po ypeptide either from repertoires of PCR amplified v-aenes of lymphocytes * r c^ '-umans screened fof possessing 
;rt, r^po,- :.om naive iioraries iMcCalerty J et al ..( 1 990) Nature 348, 552-554 Marks J et al .{ 1 992) Biotechnology 
W. 77^-753) The affinity of 'hese ^intioodies can a.sc be improved by chain shuffling (Clackscn. T et al.. (1 991 ) Nature 
352 624-628) 

If two antigen binding doma ns are present each domain may be ducted against a different epitope - termed 

'OiSpeoif ■:' antibodies 

The above-descr bee ant bodies may be employed to isolate or to identity clones expressing the polypeptides to 
purify -ho polypeptides by a^mity chromatography 

Th us among others ant:todies against tRNA synthetase may be employed to treat infections particularly bacterial 
infections and especially disease such as ntections of the upper resp-ratory tract (e g otitis media, bacterial tracheitis, 
acute epiglottitis thyroiditis; ewer respiratory (e g empyema, lung abscess) cardiac (e g infective endocarditis), 
qastrcinteshnal ie g secretory diarrhoea sp-enic absces retroperitoneal abscess). CNS (e g . cerebral abscess), eye 
ie g blepharitis. con ; unct<V'tis keratitis encophthalmitis preseptal and orbital cellulitis darcn/ocystitis) . kidney and 
u- nary tract ie g epididymitis intrarenal and perinephric absces tcxic shock syndrome) skin (e g . impetigo, follicu- 
litis ci,taoe :us abscesses eei'jitis wound infection bactenai myositis) bone and joint (e g septic arthritis, osteomy- 
e it is i 

Fciyceptide variants include antigenicallv epitopically or immunologically equivalent variants which form a partic- 
u ar aspect of this invention Tne term "antigenically equivalent derivative" as used herein encompasses a polypeptide 
or its equivalent which will be specifically recognised by certain antibodies which when raised to the protein or polypep- 
tide according to the invention interfere with the immediate physical interaction between pathogen and mammalian 
host The term "immunologically equivalent derivative" as used herein encompasses a peptide or its equivalent which 
when used m a suitable formulation to raise antibodies in a vertebrate the antibodies act to interfere with the immediate 



11 



EP 0 785 261 A1 



15 



20 



25 



30 



35 



40 



physical interaction between pathogen and mammalian host derivative or a fusion protein thereof is 

- be associate, for 

prote,n for example bovine serum albumin (BSA) °'.^ ho ^^ equivalent 
genie peptide comprising multiple copies of the protein or ^^^^^^-^ tne use of a carrier. 
olypept.de thereof may be ^W™**™^™* Selt^ individual For example, 

Preferably the antibody or variant thereof ,s mod, ie d to mak 9 CO m P l,mentar,ty determining 

„ ,he individual is human the antibody may most preferably be * u ™™? hu ™° r ^ xton £ antlbody . for example 

reg,on(s> of the Y^^^ u ^^T^i e?a^ 9 ~ a nology . W 
as described in Jones, P. et al. (1986). Nature 3<n. ^ * preferably employ a suitable delivery 

The use of a polynucleotide of the invention ,n gene ic '^^^ Mo Genet 1992 1 363. Manthorpe et 

et al Nature 1 992, 356:1 52, Eisenbraun et al , DNA Cell Biol 1 99J ; i ^vs ) ar 

r=r; u x=^^ .... ^ 

Protocols in Immunology 1(2): Chapter 5 (1 991 ). 
Antagonists and agonists - assays and molecules 

The invention also provides a method of screening compounds ,o identify those wh,ch enhance (agonist) or bloc, 
(antagonist) the action of tRNA synthetase polypeptides or polynuc leoUdes^ compart ment, such as a 

For example, to screen for agonists or n**^-**^^^^™* synthetase polypeptide and a 
membrane, cell envelope or cell wall, or a preparation of any thereof compns g J wh , ch may 

,abe,ed substrate of such polypeptide is incubated « the absence ^ 0 ^^ZValonve or antagonize the tRNA 
be a tRNA synthetase agonist or antagonist. The abihty of he cand ^ production of product from 

synthetase polypeptide is reflected in decreased binding of the la M ''9 an d or deer P ^ mQS[ 

such substrate. Molecules which b,nd gratuitously, re., "f 0 ^^^ 

to be good antagonists. Molecules that bind well and increase the r *°*%™^™" er system Repo rter systems 
The rate or level of production of product from substrate may ^^^^^^^ en J mto product, a 
«ha, may be useful in this regard include but ™^ Known in the art. 

reporter gene that is responsive to changes ,n tRNA synthetase activrty « com b,nes tRNA syn- 

Ano.her example of an assay for tRNA synthetase ant ^ n '^' S . a a c ^ P ^ mbina rt tRNA synthetase binding 
thetase and a potential antagonist with ™ A ^/^ 

molecules, natural substrates or ligands, or substrate o ^9^ mimeUc ^" der p P P jmetrjc compound , such that the 
inhibition assay. tRNA synthetase can be labe eo. sue J as by ^ can P be determin ed accu- 

number of tRNA synthetase molecules bound to a binding molecule 

rately to assess the effectiveness of the potential an ^ onlSl , dent|f tnose whlch , n terfere with the 

in a further aspect, this invention provides a method of ^^^l^raLaM amino acd into tRNA 
interaction of the glutamyl tRNA synthetase The enzyme mediate ' '"^^ ^ ° hloroacetic acid-precpitable 
may be measured by the am.noacylation method which , measu e - ^ Hughes Mellows G and Soughton S, 
radioactivity from radiolabeled ammo acd ,n the presence of RNA ^ and ^ (H U 9 ^ ^ ^ 

1 980, FEBS Letters, 1 22.322-324). Thus inhibitors of ^^\ X ^^^^ X ^ A synthetase catalysed partia! 
trichloroacetic acd precpitable radioactivity relative to the ^^^J^ f^ be used to de ,ect giutamyl 
PPi/ATP exchange reaction which measures the formation of radiolabeled Al H 'rc-m 

tRNA synthetase inhibitors (Calender R & Berg P, 1 966, S 10 ^^ and antlbod ies that bind to a 

aeon ot tRNA synthetase b, excluding <* m '^^''Z, T,o7 M occupies the binding site ol the polypeptide 
J^ST^CSr^ blgica, ac y is p.eyented .antptes 
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'if small molecules :nc!uce tut are no: limited tc small organic moiecuies peptides or peptide-like molecules Other 
ccentiai antagcn sts mciL.de antisense molecules see Oanc J Neurochem 56 56C ■: " 99" ) OLIGODEOXYNUCLE- 
O TIDES AS ANTISENSE 'NHIBITORS OF GENE EXPRESSION. Z-RC Press Booa Raton F l_ < 1983). for a description 
o " mese n>3Cuif.S' ^referred potent antagcn. sts induce compounds related *.o and var ants of tRNA synthetase 

in a par: cuia-" aspect :ne -nveniion provides tne jse cf the polypeptide, poiyr uaectide or inhibitor of the invention 
to nterfere witn the initial physica interaction between a pathogen ard mammaiiar host responsible for sequelae of 
- :e:*'C:n In particular the molecules o* tne invention m.ay be usee i) in the prevention of adhesion of bacteria, in 
p .-.'titular gram positive bacteria to mammalian extracellular matrix proteins on indwelling devices or to extracellular 
r- atn> prcte ns in wcuncs. ii) to block tRNA synthetase protein mediated mammalian cell invasion by. for example, 
in .tiatmg pr oschorylaticn of mammahan tyrosine kinases ■ Rose^sh:ne of al . Infcc f Immun 6022^ 1 (1 992), in) to block 
L ic:e"ia! aJhes;on between mamrr.anan extrace :u I ar matrix protens and bacterial tRNA synthetase proteins which 
mediate tissue damage iv) to block the normal progression cf pathogenesis in .nfeeticns initiated other than by the 
implantation cf in-dwelling devices or by other surgical techniques 

Each of the DNA sequences provided herem may be used ;n the discovery and development of antibacterial com- 
pcunds The encoded protein upon exp r essicn can be used as a target for the screening of antibacterial drugs Addi- 
t ona ly the DNA sequences encoding tne amino terminal regions o f tne encoded protein or Shme-Delgarno or other 
fans at :on fac ih tat in g sequences of the respective mRNA can be used to construct ant, sense sequences to control the 
expression nf tne coding sequence of .r.terwbi. 

The antagonists and agonists may be employed for instance tc mhib.t disease such as. infections of the upper 
respiratory tract (e g otitis media bacterial tracheitis acute epiglottitis thyroiditis) lower respiratory (e.g.. empyema, 
lung abscess), cardiac (e g infective endocarditis), gastrointestinal (e g . secretory diarrhoea splenic absces, retro- 
pentcneal acscess) CNS (eg., cerebral abscess) eye (eg blepharitis, coniunctivitis. Keratitis, endophthalmitis, 
preseptal and orbital cellulitis, dacryocystitis), kidney and urinary tract (e g.. epididymitis, mtrarenal and perinephric 
acsces. toxic sncck syndrome). SKin ic.g impetigo, folliculitis, cutaneous abscesses cellulitis, wound infection, bac- 
terial myositis), and bone and joint (e g septic arthritis osteomyeNtis) 

Vaccines 

Another aspect & the mven'ion relates to a method for inducing an immunological respense in an individual, par- 
ti:ijia.-:y a m-ammal which comprises inoculating the indiv-dual with *RNA synthetase or a fragment or variant thereof, 
adequate to produce ant.cody to protect said .ndividual f^om mtecr on particular:y bactenal infection and most partic- 
ularly Staphylococcus aureus .ntecticns Yet anotner aspect of the invention relates to a method of inducing immuno- 
Icq cai response in an individual whic^ comprises, though gene therapy, delivering gene encoding tRNA synthetase, 
c a fragment or a variant thereof, for expressing tRNA synthetase or a fragment or a variant thereof in vivo in order 
to nduce an immunological response to produce antibody to p r otect said individual from disease. 

A further aspect ot the invent. on relates to an immunological composition which, when introduced into a host 
c-ifab'e Of navmq indjcea within it an immune locor a 1 r ^pp-: n ?o :^j:cs an .mm ^.nclogiCcii lesponse in such host to a 
t-.\A synthet ase or protein codea therefrom, where n the compos-tion comprises a recombinant tRNA synthetase or 
p'otein coded therefrom ccmcr-sing DNA which cedes for and expresses an antigen cf said tRNA synthetase or protein 
c iced therefrom. 

Tne tRNA synthetase or a f ragmen* thereo' may be fused witn co-protein which may not by :tself produce antibodies, 
t is capable of stabilizing the first protein and producing a fused protein which will have immunogenic and protective 
p'ooert es Tr, us fused rec cmbmant protein pre f er ably further comprises an antigenic co-p r otein such as Glutathione- 
s-transferase (GST) or beta-galactos'dase relative y large co-protoms which so:ubilise the protein and facilitate pro- 
c .ot on and p verification thereof MoreC'Ver. the co-protetn m ^y act as an adjuvant m the sense of providing a generalized 
s* mulation o' rhe immune system The co-protein may be attached to either the amino or carooxy terminus of the first 

pro 'Oifi 

Froviced toy this invention are compositions particularly vaccine compositions and methods comprising the 
po ypeptides or polynucleotides of the invention and mmu^cst'mulatory DNA sequences such as those described in 
S r.z Y et al Science 27c 352,1996: 

Aiso: p f cvidcd by th s invention are methods using the described polynucleotide or particular fragments thereof 
w ^, : h have been shown tc encode non-vanaoie regions cf bacterial cell surface proteins in DNA constructs used in 
sucf geneti: immunization experiments in animal models of infection with Staphylococcus aureus will be particularly 
useful for identifying prote n epitopes able to provoke a prophylactic or therapeutic immune response It is believed 
that this approach will al'cw for the subsequent preparation of monoclonal antibodies cf particular value from the req- 
uisite organ of the animal successfully resisting or clearing infection for the development of prophylactic agents or 
therapeutic treatments of bacterial infection particularly Staphylococcus aureus infections in mammals, particularly 
humans 
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The polypept.de may be used as an antigen for vaccination of a host to produce specific antibodies which protect 

cove " tl menls ol Te natural, occurring protcn and similar proteins with additions. deletron, o, subst.tutrons wnicn 
do not substantially atfect trie immunogenic properties ot the recomb.nant protein 

Compositions, kits and administration 

°' ^ol^Ses and other compounds of the invention may be employed alone or in conjunction w,th other com- 
M "; V TJ^Z*. « -live agent may be adm,n,s,e,ed loan rndividua, a, an rn.ecable composition. 



1 

45 formulation 



50 



55 



Fof administrate to mammals, and part.cu.arly humans. ,t is expected that the daily ■ dosage level ofthe ^^t,ve 

^iculaMnd'idual The above dosages are exemplary of the average case There can, of course, be individual ,n- 
tanci "here higher or ,ower dosage ranges are merited, and such 

In-dwelling devices include surgical implants, prosthetic devices and catheters, i.e., devices that are i nuo 
to the body of an individual and remain ,n position for an extended time. Such devices include^ or example rt, c al 
|c,n.s heart valves, pacemakers, vascular grafts, vascular catheters, cerebrospinal fluid shunts, urinary catheters, 

— ^staddrr^ 

techr^ue to prevent bacterial wound infections, especially Staphylococcus aureus wound infections. 
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Many orthcpaed'c surgeons consider that humans with prosthetic joints shcuid bo considered for antibiotic proph- 
yia>"s before derta 1 treatment that eoulc produce a bacteremia Late deep infection is a serious complication sometimes 
eao:^g to ,css of tre orosthet;c joint anc is accompanied by significant mcrDidity and mortality It may therefore be 
oossiC<e to extend tne use c f the active agent as a replacement for prophylactic antibiotics in this situation 

in addition to tne tnerapy described above tne compositions of this invention may be used generally as a wound 
treatment agent to prevent adhesion of oacteria to matrix proteins exposed in wound tissue and for prophylactic use 
in dental treatment as an alternative to or in conjunction with antibiotic prophylaxis 

Alternatively, the comiposit on of the invention may be used to bathe an indwelling device immediately before in- 
sertion Tne active agent will preferably be present at a concentration of 1u.g/ml to lOmg/ml for bathing of wounds or 
indwelling devices 

A vacc ne composition is convenien*ly in injectable form Conventional adjuvants may be employed to enhance 
the immune response A suitable unit dose for vaccination is 0 5-5pg/kg of antigen, and such dose is preferably ad- 
m n stered 1 -3 t.mes and witn an interval of 1 -3 weeks With the indicated dose range no adverse toxicologica! effects 
w-ll oe observed with the compounds of the invention which would preclude their administration to suitable individuals 

The antibodies described above may also be used as diagnostic reagents to detect the presence of bacteria con- 
taining the tRNA synthetase prote ; n 

FXAMPLES 

The examples below are carried out using standard techniques, which are well known and routine to those of skill 
in the art. except where othe r wise described m detail The examples are illustrative, but do not limit the invention. 

Example 1 Library Production 

The polynucleotide having the DNA sequence given in SEQ ID NO: 1 was obtained from a library of clones of 
chromosomal DNA of Staphylococcus aureus in E. cod In some cases the sequencing data from two or more clones 
containing overlapping Staphylococcus aureus DNAs was used to construct the contiguous DNA sequence in SEQ ID 
NO " Libraries may be prepared by routine methods, for example 
Methods H . and 2 below 

Total ceKular DNA is isolatec from Staphylococcus aureus WCUH 29 according to standard procedures and size- 
fractionatea by either of two methods 

Method 1 

Total cellular DNA is mechanically sheared by passage tnrough a needle in order to size-f ractionate according to 
standard procedures DNA fragments of up to 11 kbp in size are rendered blunt by treatment with exonuclease and 

DNA polymerase and EcoRI linkers added F-agmpnts a^p legated i-Mc t K c vector Lambda Znpii that nas Deen cut witn 
EcoR: the library packaged by standard procedures and E coli infected with the packaged library The library is am- 
plified by standard procedures 

Method 2 

Total cellular DNA is partially hydrolyzed with a one or a combination of restriction enzymes appropriate to generate 
a scnes of fragments for cloning into library vectors (e g Rsal. Pall Alul Bshl235l). and such fragments are size- 
fractionated according to standard procedures EcoRI linkers are ligated to the DNA and the fragments then ligated 
into trie vector Lambda Zapll that have been cut with EcoRI, the library packaged by standard procedures, and E coh 
infected with the packaged library The library is amplified by standard procedures 

Example 2 Measurement of Glutamyl tRNA Synthetase (ERS) Activity. 

Tne enzyme catalyses the ammoacylation of tRNA Glu which proceeds through a two step mechanism The first 
step involves the format-on cf a stabie enzyme glutamyl adenylate complex resulting from the specific binding and 
reaction of AT^ and L-glutamate Subsequently the 3' terminal adenosine of enzyme-bound tRNAGlu reacts with the 
ammoacyiadenylate leading to the estenf ication of the tRNA and release of AMP These steps are summarised below, 

a) L-G!u + ATP Mg + ERS =^> ERS Glu-AMP + PPi Mg 
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b) ERS:G!u-AMP + tRNA° !u ERS + Glu-tRNA Glu + AMP 

This reaction can be assayed in order to characterise the enzyme or identify specific inhibitors of its activity in a 
number of ways: 

1 Mo«ur fi mfi nt of the formation of Glu-tRNA GI " can be specifically determined using radiolabeled glutamate and 
separating free glutamate from Glu-tRNA us,ng precipitation/filtration techniques (e.g. in cold trichloroacetic 

acid 1 - 2 ) 

2 The ful l acvlation reaction can also be measured by analysing production of either PPi or AMP which are pro- 
duced in stoichiometric ratio to the tRNA acylation. This may be achieved in a number of ways, for example using 
colorimetr,c3: or enzyme coupled measurement of Pi after addition of excess inorganic pyrophosphatase or using 
enzvme coupled assays to directly measure AMP or PPi production 5 . 

3 T he partial reaction (a) can be assayed through radiolabel isotopic exchange between ATP and PPi since each 
of the steps in this part of the reaction are freely reversible. This typically has a * cat around 20-fold higher than the 
full acylation reaction (a + b). and is readily measured using chromatographic principles which separate PP, from 
ATP (i.e. using activated charcoal 1 - 2 . 

Ligand Binding to ERS. 

It is also possible to define ligand interactions with ERS in experiments that are not dependent upon enzyme 
catalysed turnover of substrates. This type of experiment can be done in a number of ways: 

^ Fff ects of ligand binding upon enzyme intrinsic fluorescence , (e.g., with tryptophan) Binding of either natural 
Hgands or inhibitors may result in enzyme conformational changes which alter enzyme fluorescence. Using 
stopped-flow fluorescence equipment, this can be used to define the microscopic rate constants that describe 
binding Alternatively, steady-state fluorescence titration methods can yield the overall dissociation constant for 
binding in the same way that these are accessed through enzyme inhibition experiments 

2 SnP ctral effects of ligands Where the Hgands themselves are either fluorescent or possess chromophobes that 
overlap with enzyme tryptophan fluorescence, binding can be detected either via changes in the ligand fluores- 
cence properties (e.g. intensity, lifetime or polarisation) or fluorescence resonance energy transfer with enzyme 
tryptophans. The ligands could either be inhibitors or variants of the natural ligands (i.e. fluorescent ATP derivatives 
or tRNAGIu labelled with a fluorophore). 

3 Thermal analysis of th» en 7 vme:liaand complex . Using calonmetric techniques (e a Iso .thermal Calonme ^ 
Differential Scanning Calorimetry) it is possible to detect thermal changes, or shifts in the stability of ERS which 
reports and therefore allows the characterisation of ligand binding. 

References 

1. Calender & Berg (1966) Biochemistry 5, 1681-1690 

2. Toth MJ & Schimmel P (1990) J. Biol. Chem. 265, 1000-1004 

3. Hoenig (1989) J. Biochem. Biophys. Meth. 19. 249-252 

4 Webb TM (1994) Anal. Biochem. 218, 449-454 
5. Sigma Chemicals Catalogue, 1986 

Example 3 Aminoacylation Assays for ERS Activity. 

Assays are performed either using purified S. aureus ERS overexposed in E. col,, or using crude cell lysate from 
E coli overexpressing ERS. The latter usually contains around 10% of total protein as ERS. Enzyme ,s s ored at -70 
•C m 50 mM Tns-HCI buffer (pH 7 8), 10 mM MgCI 2 and 10 mM B-mercaptoe.hanol after flash freezing ,n .quid N 2 _ In 
experiments to determine the activity of enzyme samples, these stocks are diluted over a wide range (100 fold to 
10 000 fold) in 50 mM Tris P H 7.8, 10 mM MgC12, 1 mM Dithiothreitol and stored on ice prior to assay. 

' The assay procedure ,s as follows: 50ml o, enzyme prepared and diluted as described above .s mixec I w,t , reaction 
mixture (100ml). comprising 0.25 ud L-[U-^C]-Glutama.e (Amersham Internationa^. 4 mg/ml I f'^t 6 ^^ 
tRNA (from Boehrmger Manhe.m), 5 mM ATP, 15 mM MgS0 4 , 3 mM DTT, 75 mM KCI and 50 mM Tns-HCI pH 7.a 
Unless otherwise stated, all reagents are obtained from Sigma Chemical Company Ltd C™™™™^™** 
in the final reaction mix. After addition of the enzyme to start the reaction, assay samp es are incubated at 37 C and 
at the desired time, duplicate aliquots (50 ul) are removed and quenched with 7% trichloroacetic acd (100 ul) and left 
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on ice for 30 mm The precipitates are harvested using a Packard Filtermate 1 96 Cell Harvester [Packard Instruments 
Ltd j onto glass fibre filters which are washed successively with 7°o trichloroacetic acid and ethanol The filters are 
dr'ed at 70 3 C for 1 hour and the levels of radioactivity measured by scintillation counting (Packard Topcount) 
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SEQUENCE LISTING 



5 



(1) GENERAL INFORMATION 



10 



15 



(i) APPLICANT 

{A) NAME: Hodgson, John 

(B) STREET: Great West Road 

(C) CITY: Brentford 

(D) STATE OR PROVINCE : Middlesex 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE: TW8 9 EP 



20 



APPLICANT 

(A) NAME: Lawlor, Elizabeth 

(B) STREET: Great West Road 



(C) CITY: Brentford 

(D) STATE OR PROVINCE: Middlesex 

(E) COUNTRY: United Kingdom 

(F) POSTAL CODE: TW8 9EP 

(ii) TITLE OF THE INVENTION: Novel tRNA synthetase 

(iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER-READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ for Windows Version 2.0 

(v) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 

(2) INFORMATION FOR SEQ ID NO : 1 : 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1458 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 
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(XI } 


SEQUENCE D 


ESCF.I FTION : 


SEQ ID NO: 


\ ■ 






ATG AGCGATC 


STAT AA G AG T 


AAGATATGCA 


CC AAGTCCAA 


CCGGTTATCT 


TCATATTGGT 




AATGCAAGAA 


SAGCATTATT 


CAATTACTTG 


TA TGC T AAA C 


ATTACAACGG 


AGATTTTGTG 


12 0 


ATTCGAATTG 


AAGATACTGA 


T AAAAAAC G T 


AATTTAGAAG 


ATGGAGAAAC 


ATCACAATTT 


1 3C 


GATAATC7TA 


AATGGTTAGG 


ATTAGATTGG 


GATGAGTCTG 


TAGATAAAGA 


CAATGGCTAC 


240 


GGACCATATC 


GTCAATCTGA 


AGGTCAACAT 


ATCTACCAAC 


CATTAATAGA 


TCAGTTACTA 


3 0 0 


G C A 3 A AG ATA 


AJVGCATATAA 


ATGCTATATG 


ACAGAAGAAG 


AATTAGAAGC 


TGAACGTGAA 


360 


GCGCAAATCG 


CTCGTGGTGA 


AATGCCTCGC 


TATGGTGGTC 


AACATGCGCA 


TTTGACTGAA 


42 C 


GAACAACGTC 


AACAATTTGA 


AGCAGAAGGA 


CGCCAACCAT 


CAATTCGTTT 


CCGAGTACCT 


43C 


CAAAACCAAA 


CGTATTCATT 


TGATGATATG 


GTAAAAGGAA 


ATATTTCATT 


TGATTCAAAT 


540 


GGTATTGGTG 


ACTGGGTTAT 


CGTAAAAAAA 


GATGGCATTC 


CAACGTACAA 


TTTTGCAGTA 


600 


GCTATAGATG 


ATCATTACAT 


GCAAATTTCA 


GATGTAATTC 


GTGGTCATGA 


TCATATTTC A 


650 


AACACGCCTA 


ji^iia TTAT 


C ATTTATG AA 


GCATVTGGCT 


GGGAGCCACC 


TCGTTTTGGT 


720 


CATATGTCAT 


TAATTGTTAA 


TGAAGAACGT 


AAAAAGTTAA 


GTAAACGTGA 


TGGGCAAATT 


7S0 


TTACAATTTA 


TTGAGCAATA 


TCGTGACTTA 


GGTTATTTAC 


CTGAAGCGTT 


ATTTAATTTT 


840 


ATTGCGTTAT 


TAGGTTGGTC 


TCCTGAAGGT 


GAAGAAGAAA 


TCTTTTCTAA 


AGAAGAATTT 


900 


ATCAAAATGT 


TTGATGAAAA 


GCGTTTGTCA 


AAATCACCAG 


CATTTTTCGA 


TAAGCAAAAA 


960 


TTAGCATGGG 


TTAATAACCA 


A TATATG AAA 


CAAAAAGATA 


CTGAAACAGT 


ATTCCAATTA 


1020 


GCATTACCTC 


ATTTAATTAA 


AGCAAATTTG 


ATTCCTGAGG 


TGCCGTCAGA 


AGAGGATTTA 


1030 


TCTTGGGGAC 


GCAAATTAAT 


TGCGCTTTAT 


CAAAAAGAAA 


TGAGTTATGC 


CGGTGAAATT 


1140 


GTACCTTTAT 


CAGAAATGTT 


CTTTAAAGAA 


ATGCCAGCTC 


TTGGTGAAGA 


AGAACAACAA 


1200 


GTGATTAATG 


GAGAGCAAGT 


ACCAGAGTTA 


ATGACGCACT 


TATTCAGTAA 


ATTAGAAGCA 


1250 


CTTGAACCAT 


TTGAAGCGGC 


TGAAATTAAA 


AAGACAATTA 


AAGAAGTTCA 


AAAAGAAACA 


13 20 


GG AATAAAAG 


GCAAGCAATT 


ATTTATGCCT 


ATTCGTGTTG 


CTGTAACAGG 


CC AAA TGC AT 


1330 


GGTCCTGAAT 


TACCAAATAC 


AATTGAAGTA 


CTTGGTAAAG 


AAAAAGTGCT 


AAACCGTTTA 


1440 


AAACAATATA 


AGTAATGA 










1458 


(2 


) I NFORMAT I 


ON FOR SEQ 


ID NO : 2 : 








i i ) s 


EQUENCE CHARACTERISTICS : 








(A) 


LENGTH r 48 4 amino aci 


ds 








(3) 


TYPE : amino acid 










(C) 


ST RAN D F DN E 


SS: single 










(D) 


TOPOLOGY : 


1 mcar 










i i '. 


MOLECULE TY 


?E : popt ide 










XI ; 


SEQUENCE EE 


SCRIPTION : 


SEQ ID NO : 2 








Mo: Ser Asp 


Arg lie Ar 


g Val Arg Tyr Ala Pro 


Ser Pro Thr 


Gly Tyr 






5 




10 




15 





Leu His l^e Gly A s n Ala Arg Thr Ala Leu ?he Asn Tyr Leu TV r Ala 
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Lys His Tyr Asn Gly Asp Phe Val He Arg He Glu Asp Thr Asp Lys 

35 40 45 

Lys Arg Asn Leu Glu Asp Gly Glu Thr Ser Gin Phe Asp Asn Leu Lys 

50 55 60 

Trp Leu Gly Leu Asp Trp Asp Glu Ser Val Asp Lys Asp Asn Gly Tyr 
65 

Gly Pro Tyr Arg Gin Ser Glu Arg Gin His He Tyr Gin Pro Leu He 

85 50 95 

Asp Gin Leu Leu Ala Glu Asp Lys Ala Tyr Lys Cys Tyr Met Thr Glu 

100 1° 5 110 

Glu Glu Leu Glu Ala Glu Arg Glu Ala Gin lie Ala Arg Gly Glu Met 

115 120 125 

Pro Arg Tyr Gly Gly Gin His Ala His Leu Thr Glu Glu Gin Arg Gin 

130 135 140 

Gin Phe Glu Ala Glu Gly Arg Gin Pro Ser He Arg Phe Arg Val Pro 
145 150 155 I" 

Gin Asn Gin Thr Tyr Ser Phe Asp Asp Met Val Lys Gly Asn He Ser 

165 "0 I 75 

Phe Asp Ser Asn Gly He Gly Asp Trp Val He Val Lys Lys Asp Gly 

180 185 19° 

He Pro Thr Tyr Asn Phe Ala Val Ala lie Asp Asp His Tyr Met Gin 

195 200 205 

lie Ser Asp Val He Arg Gly Asp Asp His He Ser Asn Thr Pro Lys 

210 215 220 

Gin He Met He Tyr Glu Ala Phe Gly Trp Glu Pro Pro Arg Phe Gly 
225 230 235 240 

His Met Ser Leu He Val Asn Glu Glu Arg Lys Lys Leu Ser Lys Arg 

245 250 255 

Asp Gly Gin He Leu Gin Phe He Glu Gin Tyr Arg Asp Leu Gly Tyr 

260 265 270 

Leu p r o Glu Ala Leu Phe Asn Phe He Ala Leu Leu Gly Trp Ser Pro 

275 280 285 

Glu Gly Glu Glu Glu lie Phe Ser Lys Glu Glu Phe lie Lys He Phe 

29C 295 300 

Asp Glu Lys Arg Leu Ser Lys Ser Pro Ala Phe Phe Asp Lys Gin Lys 

43 Tin 315 320 

305 310 J1D 

Leu Ala Trp Val Asn Asn Gin Tyr Met Lys Gin Lys Asp Thr Glu Thr 

325 330 335 

val Phe Gin Leu Ala Leu Pro His Leu He Lys Ala Asn Leu He Pro 

340 345 350 

Glu Val Pro Ser Glu Glu Asp Leu Ser Trp Gly Arg Lys Leu He Ala 

355 360 365 

Leu Tyr Gin Lys Glu Met Ser Tyr Ala Gly Glu He Val Pro Leu Ser 
55 370 3^5 380 



20 



10 



20 



25 



30 



■to 



EP 0 785 261 A1 



Glu Met Phe Phe Lys Giu Met Pro Ala Leu Gly GIu GIu Glu Gin Gin 
335 390 395 4C0 

Vai He Asn Gly Glu Gin Va 1 Pro Glu Leu Met Thr His Leu Phe Ser 

405 410 415 

Lys Leu Glu Ala Leu Glu Pro Phe Glu Ala Ala Glu lie Lys Lys Thr 

420 425 430 

He Lys Glu Val Gin Lys Glu Thr Gly lie Lys Gly Lys Gin Leu Phe 

435 440 445 

Met Pro He Arg Val Ala Val Thr Gly Gin Met His Gly Pro Glu Leu 

450 455 460 

Pro Asn Thr He Glu Val Leu Gly Lys Glu Lys Val Leu Asn Arg Leu 
465 470 475 480 

Lys Gin Tyr Lys 



Claims 

1. An isolated polynucleotide comprising a polynucleotide sequence selected from the group consisting of: 

(a) a polynucleotide having at least a 70° o identity to a polynucleotide encoding a polypeptide comprising 
amino acids 1 to 484 of SEQ ID NO 2 

(b) a polynucleotide which is complementary to the polynucleotide of (a): and 

(c) a polynucleotide comprising at least 15 sequential bases of the polynucleotide of fa) or (b) 

2. The polynucleotide of Claim 1 wherein the polynucleotide is DNA 

3. The polynucleotide of Claim 1 wherein the polynucleotide is RNA 

4. The polynucleotide of Claim 2 comprising the nucleotide 1 to 1456 set forth in SEQ ID NO.1 

5. The polynucleotide of Claim 2 comprising nucleotide 1 to 1452 set foh h m SFO 'D NO H 

6. The polynucleotide of Claim 2 which encodes a polypeptide comprising amino acid 1 to 4S4 of SEQ ID NO:2 

7. An isolated polynucleotide comprising a member selected from the group consisting of 

(a) a polynucleotide navmg at least a 70° o identity to a polynucleotide encoding the same mature polypeptide 
expressed by the tRNA synthetase gene contained in NOMB Deposit No 40771 . 

(b) a polynucleotide complementary to the polynucleotide of (a) and 

fc) a pclynucleotide comprising at least 15 bases of the polynucleotide of (a) or (b) 

8. A vector comprising tne DNA of Claim 2 

9. A host cell comprising the vector of Claim 5 

10. A process for producing a polypeptide composing expressing f rom tne host cell of Claim 9 a polypeptide encoded 
by said DNA 

11. A process for producing a cell which expresses a polypeptide comprising transforming or transfecting the cell with 
the vector of Claim 5 such that the cell expresses the polypep:ide encoded by the cDNA contained in the vector 

12. A process for producing a tRNA synthetase polypeptide or fragment comprising culturing a host of claim 9 under 
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condit.ons sufficient for the production of said polypeptide or fragment 

. lp _^ r .. r . a „ ™ « C id sequence which is at least 70% identical to ammo add 1 to 484 of SEQ 

13. A poiypeplioe cuirvrioiriy ai. ^ - -- -> =- -i 

ID NO 2. 

14. A polypeptide comprising an ammo acid sequence as set forth in SEQ ID NO;2. 

15. An antibody against the polypeptide of claim 13. 

16. An antagonist wh,ch inhibits the activity of the polypeptide of claim 1 3. 

17 a method for the treatment of an individual having need of tRNA synthetase comprising: administering to the 
' individual a therapeutically effective amount of the polypeptide of claim 1 3. 

20 A process for diagnosing a disease related to expression of the polypeptide of Cairn 1 3 comprising: 
determining a nucleic acid sequence encoding said polypeptide. 

21 ' ' d ' a S::^^e o, the polypeptide of c,a,m 1 3 in a sample derived from a host. 

22 . A method for identifying compounds wh,ch b,nd to and ,nh,b,t an ac,,v„y of the polypeptide of c,a,m 1 3 comprising: 

contacting a eel, expressing on the surface thereof a binding for ^ polypeptide ^^^^ 
with a second component capable of providing a detectable s,gn^ n ^ J 

—-hearth— 

or absence of a s,gna, generated from the interaction of the compound w,th the binding. 



45 



50 



ease 



from disease 



mf~l .o a 9 iven IRNA symhe.a,. polynucleoM o, prow* coded *e,e.,o m 

ment thereof; and isolating said DNA sequence. 
55 ATP exchange reaction 



22 



EP 0 785 261 A1 



O 
53 



P 
H 



E- 

U 

< 

w o 

CQ O 



o 



CO 

JJ 

4J 



cj 



0) 

O 

d 

(D CJ 

& £ 

© a 

CJ 

0) o 



< 
E-« 

a 
< 



CQ 



s 

rH 

a 



< 
eh 
o 

cj 

Eh 
< 

o 
a 
o 
< 
o 

E- 



O 

o 
< 

E- 

o 
a 

E- 

2 



< 

E- 

a 
< 

Eh 
< 

a 

Eh 
< 
< 



&h 

< 

CJ 

cj 

o 
< 

E- 

cj 

E-« 
< 

< 
o 

E- 

a 
u 
< 

< 

Eh 

O 
Eh 

a 

Eh 

a 



cj 
o 

o 
< 

Eh 
Eh 



cj 
a 



3 2 



< 

CJ 

<: 

o 

Eh 

<c 

< 

Eh 

CJ 

o 

Eh 

Eh 
< 
Eh 
< 

CJ 

o 



< 

Eh 

a 

2 

< 

u 
o 



CJ 

o 
o 

Eh 
O 
O 

Eh 
< 
Eh 

CJ 
O 

CJ 

Eh 
CJ 

CJ 

o 

Eh 



u 

O 

Eh 

o 
cj 

Eh 

a 

a 
a 

Eh 



o 
u 
a 
o 

2 

O 

Eh 

O 

u 

2 

U 

Eh 



< 

o 
o 

< 

CJ 

o 
o 

Eh 
Eh 
&h 

2 

CJ 

2 

CJ 

Eh 

o 

CJ 



CJ 



a 

2 

< 
o 

Eh 
< 

O 

o 
a 
o 
e 
<c 

CJ 



o 



cn; 



o 



o 



H 



23 



EP 0 785 261 A1 



U 



E* 

E- 1 
< 

a 

EH 



a 
cj 



o 

o 
o 
< 

O 
< 

o 
o 
o 

E- 1 
O 
O 

Eh 
Eh 

a 

Eh 
< 

a 
u 

o 

U 

a 
u 



Eh 

o 
u 

o 

Eh 

2 

Eh 
E* 
O 
Eh 
Eh 

2 



< 

u 

Eh 

o 

E - * 

Eh 
< 

a 

Eh 

a 
o 

Eh 
Eh 
Eh 
£h 
O 
U 
Eh 

O 
U 
< 

u 
u 

O 
< 
O 

o 



Eh 

< 

Eh 

E* 
O 
U 

o 

Eh 

% 

Eh 
Eh 

2 

Eh 
Eh 

§ 

Eh 
Eh 

O 
O 

3 

Eh 

a 

o 
< 

Eh 
Eh 
Eh 
< 

£h 

O 

O 
< 

Eh 

u 
< 
o 

Eh 

a 
u 



LD 



o 



o 



ld 



O 



LTl 



o 

00 



DOCID: <EP 07B5261A1 . I > 



24 



EP 0 785 261 A1 



rH 

u 

& 

•H 



cj 



cj 
< 

< 

E-< 

CJ 

E-* 

CJ 





< 




CJ 






a 


a 










u 






a 




CJ 


o 


CJ 






o 




o 






u 


o 




e< 


< 


o 


a 


CJ 


E - ^ 


EH 




CJ 






a 


a 


E- 


a 












O 




u 


o 


< 


e-« 


E- 


< 



E- 

CJ 

< 

u 

E- 
E- 
< 

a 
< 

v 

CJ 

u 
< 
o 

E- 
< 

< 

E- 

o 
<: 
a 
< 
u 

CJ 

< 

CJ 

% 

o 
o 
< 

< 
o 

o 

< 

o 

a 



E- 

a 
< 



E~» 



o 
a 
o 

o 
o 

< 

o 
u 

E-» 
CJ 

< 

o 

o 
< 

E- 
< 



rH 


r — 1 


1 — i 


r-H 


r-H 


t— ( 




rH 


rH 


in 


o 




o 


LD 


o 


LO 


O 


LD 


CO 


cn 


o 


o 


O 






CN 


CN 










r-H 


rH 


(—1 


rH 


rH 



25 



EP 0 785 261 A1 



U 

a> 

u 

& 

•H 
&4 



a 



T I 


i— i 






o 


LO 


o 


LD 


m 










rH 







26 



EP 0 785 261 A1 



CN 

6 
55 

P 
H 

w 

CO 



© 



u 

© 

a 
a) 



4J 

o 



CN 



PS 
*S 

Q 

Q 
W 

a: 



> 

-H Ph 

u a 
« a 

o £ 

C X 



< 
Eh 

< 

o 

M 

X 

>- 

a 

C-l 

a, 

CO 

*t 
>h 
as 
> 
os 
\ — ( 
as 
a 

On 



.J 


O 


> 


OS 


Ph 




O 










< 


w 


W 




O 






o 


< 




w 


w 




w 


p-( 




Q 








S*S 


X 


w 






M 




>< 




00 


M 


w 


O 




>J 


o 






Cx-i 


tJ 


o 


t*s 




Dm 


o 


a, 




M 


X 




CD 










00 




U-i 


< 






? 


5 






to 




0-( 








8 






<< 










w 




o 


o 




w 


E-« 




o 


E- 






w 


o 




W 




OS 




> 


os 








^S 




w 




M 


Ou 


CO 


> 


P-* 


o 




CO 






P-t 


15 






> 




O 


x 




W 


O 


W 


w 






PS 


o 


Q 




»J 


E-< 


CO 






>* 


o 


IG 


o 




Q 






PH 




o 


pLl 


< 


l^>S 


D-( 


r . 

fc-* 


CJ« 


o 




o 


< 


»— 1 


C 


> 






>H 


as 








^S 


I — I 






o 


P-i 


CO 








PJ 




(JU 






a 




Ci-i 




r n 




CJ 


W 


Pu 




I— J 




^< 


<£ 




^; 


U 


CO 


M 


< 




>h 


2 


> 


a 


PS 


M 


O 






CO 




> 


< 




^S 








Pm 


w 


GO 


M 




Pm 






W 


a. 




w 


o 




Eh 




< 




w 


O 


Q 


< 


> 




a 




o 






3: 


w 




CO 






>H 


< 


> 


Q 


OS 


p 


f-H 


a 






w 


w 






a 




PS 








M 


O 


< 




Q 


>« 


Q 


M 


^s 


E-« 




w 


CO 


Q 


o 






CO 




3: 


•J 




O 


w 






Cu 


a. 




w 




P^ 




< 


as 






.J 


w 


O 


M 


Ix, 




O 


X 


ta 




PJ 


2 


> 


O 


00 






a« 


Q 




O 


Q 






CO 


2 


o 






Pu 


co 


M 


CO 


1-3 






C* 




> 


W 


o 




Q 


PJ 


o 


CO 


u 


PS 


o 




PS 


w 


a. 




pS 






8 






> 


a 


DJ 


>< 


PS 




PS 




CO 


o 






t— I 


X 




o 






> 


8 




CO 


Q 


CO 




> 


a 


< 


to 


a 




Q 




I — l 


u 




> 




dj 


o 


M 




>s 


Pm 




PS 




< 


PS 


< 




M 


I — I 


> 


M 


H 


1 — i 


t— I 




1— i 


rH 


rH 




i-H 


in 


o 


m 


o 


LTI 


O 


m 


o 


LD 






t— i 


CN 


CN 


m 









H 



27 



EP 0 785 261 A1 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT Application Number 

which under Rule 45 of the European Patent Convention £p 97 3Q 0310 
shall be considered, for the purposes or subsequent 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of rdevant pasvages 



MOLECULAR MICROBIOLOGY, 

vol . 16, 1995, 

pages 955-967, XPO0O67O7O9 

BORK P., ET AL . : " EXPLORING THE 

MYCOPLASMA CAPRICOLUM GENOME: A MINIMAL 

CELL REVEALS ITS PHYSIOLOGY" 

* the whole document * 

-/-- 



Relevant 
to daim 



1,2,4-9 



INCOMPLETE SEARCH 



The Search Division considers that the prevent European pat«»t application doe? not comply with 
the provisions of the European Patent Convention to such an extent that it is not possible tu carry 
out i meaningful search into the state of the art os the basis of some Df the claims. 

Claims searched completely : 



C laims searched incompletely : 

Claims not searched : 

Reason for the limitation of the search: 



see sheet C 



CLASSIFICATION OF THE 
APPLICATION (lnl.CI.6) 



C12N15/52 

C12N9/00 

C07K16/40 

C12Q1/68 

C12Q1/02 

C12Q1/25 

G01N33/50 

G01N33/53 

A61K38/53 

A61K39/085 

A61K48/00 



TECHNICAL FIELDS 
SEARCHED (IntXl.6) 



C12N 
C07K 
C12Q 
G01N 
A61K 









THE HAGUE 


25 April 1997 


Holtorf, S 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non written disclosure 
P : intermediate document 



theory or principle underlying the invention 
earlier patent document, but published on, or 
after the filing date 
: document cited in the application 
document ated for other reasons 



A : member of the same patent family, corresponding 
document 



28 



OCID --E p 0785261 A1 I 





EP 0 785 261 A1 




European Patent Office 



EP 97 30 0310 -C - 



INCOMPLETE SEARCH 



The Search Division considers that the present European patent application does not 
comply with the provisions of the European Patent Convention to such an extent that it is 
not possible to carry out a meaningful search into the state of the art on the basis of some 
of the claims. 



Claims searched incompletely: 
Claims not searched: 

Reason for the limitation of the search: Although claims 17-19,23,24 are directed to a 
method of treatment of the human/animal body (Article 52(4) EPC) the search has been 
carried out and based on the alleged effects of the compound/composition. 

Remark: Claim 1 8 was read: "The method of claim 1 1 ... 



E^O Fcrrr Sjode-nertary SbeetC 41996.1 




29 



EP 0 785 261 A1 



European Patent 
Office 



PARTI AL EUROPEAN SEARCH REPORT Application Number 

EP 97 30 0310 



pop TIMFNTg^CONSlDERE D TO BE RELEVANT 



Cat ego O 



Citation of document with indication, where appropriate, 
of relevant passages 



PROCEEDINGS OF THE NATIONAL ACADEMY OF 

SCIENCES OF THE USA, 

vol . 85, May 1988, 

pages 3604-3607, XP002028742 

NILSEN, T.W., ET AL . : "CLONING AND 

CHARACTERIZATION OF A POTENTIALLY 

PROTECTIVE ANTIGEN IN LYMPHATIC 

FILARIASIS" 

* the whole document * 
& FEBS LETTERS, 

vol . 374, 1995, 
pages 122-124, 

KR0N, M. , ET AL . : "AN IMMUNODOMINANT 
ANTIGEN OF BRUGIA MALAYI IS AN 
ASPARAGINYL-tRNA SYNTHETASE" 
the document was cited to confirm the 
identity of the antigen of citation 2 as 
being a tRNA synthetase 

* the whole document * 

W0 94 28139 A (MASSACHUSETTS INST 
TECHNOLOGY ; SCH IMMEL PAUL R (US); SCHMIDT 

ERIC ) no i - 

* page 3, line 9 - page 22, line 35 

W0 95 09927 A (ZENECA LTD ;HAWKES TIMOTHY 
ROBERT (GB) ) 

* the whole document * 

GENE, 

vol. 141, 1994, 

pages 103-108, XP002028682 

CHALKER, A.F., ET AL . : 11 ANALYSIS AND 

TOXIC OVEREXPRESSION IN ESCHERICHIA COLI 

OF A STAPHYLOCOCCAL GENE ENCODING 

I SOLEUCYL-t RNA SYNTHETASE" 

* the whole document * 



Relevant 
to claim 



23,25 



CLASSIFICATION OF THE 
APPLICATION (Int.CJ.b) 



23,25 



TECHNICAL FIELDS 
SEARCHED ant.a.6) 



27 



27 



1-27 



I 



30 



EP 0 785 261 A1 



European Patent PARTIAL EUROPEAN SEARCH REPORT ApphciiiM Number 

oir.cr EP 97 30 G31G 



DOCUMENTS CONSIDERED TO BE RELEVANT 



, Category 



Citwtion of document with indication, where appropriate, 
of rdtrvttnt passages 



Rck-vant 
to claim 



THE JOURNAL OF BIOLOGICAL CHEMISTRY, ,1-27 

vol. 265, no. 30, October 1990, i 

pages 18248-18255, XP002030059 ! 
BRETON, R . , ET AL . : "GLUTAMYL-tRNA 

SYNTHSTASE OF BACILLUS SUBTl LIS 168T AND : 

OF BACILLUS STEAROTHERMOPHI LUS" ! 

* the whole document * | 

WO 97 05126 A (SMITHKLINE BEECHAM PLC 1 2 7 

; FORREST ANDREW KEITH (GB) ; OSBORNE NEAL ! 

FR) ! 

* example 15 * i 



CLASS1KKAUON Oh 1"HK 
APPLICATION (lot.U-6) 



TECHNICAL HRLDS 
SKARCHLU (inLi:i.6> 



31 



